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In writing thils paper on the “"Electrolysis o¢f the
azide ion," the writer has consulted all available
information since 1885, when the azide ion was first
discovered by Curtius. The writer started his search

fielp of the two major science abstracting

journalss The German Chemisches Zentrablatt, and

the Americzn Chemical Abstracts, The search in the
American Chemical Abstracts started from the year

1907 to the present time, while Chemisches Zentrablatt
was consulted from 1885 to 1907. Much of the information
in this paper has been translated from German,

French and Russian publications into English.
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STRUCTURE AND ELECTRONIC CONFIGURATICN

OFE THE ION
Three types of formulas are possible for the
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For the azide ion, we have definite proof of an open-
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to b distance da N =N (N ] is10008 andiin N- L0860,

¢ cifference being the same as that between C=C and

C-C. In view of the functional dependence on bond
character for single- bond~ double bond resonance

(Cto C and other linkages), it appears resonable to
extend the function to the double bond- triple bond
recOnance: in \3 thes the Nite Niidistaneeof 1,104,
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The calculated and observed physical properties
T Aol g = G e s
agree well for N, ‘as well as for (0, , NO and (95,
The predicted reactivities were also confirmed for the
above mentioned ions and molecules.
DIPOLE RS
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Lidgwick, Sutton, and Thomas determined the dipole
moments of the azides along with those of phenyl, p-
- i) (e i RS ey s I
o A P‘%'@ 2, amd p- (g VU, , 1socyanates and
distributed diazomethanes contazining these groups.
The values indicated that the compounds exist either
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of ‘Bhe two! Bimear Forme, - N- =N and Ne— N =n :
Calculations based on the known heats of combustion
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corresponds t@!abeut 30% triple bond character.’
onfiguraticn of NS may be represented as
;;ﬁgg_"'g S e N::N: ¢——> f aﬁ .
somewhat larger N fo N distance of 1.165AZ20.021
5 (24% triple bond character) is due to the
chment of each terminail N of the C\; to 1ts two
ot nelghbores by H bonds. Thie linear structure
,Q: was also confirmed by the work of A. Potlerf
e LCAO method (linear combination of atomic

tolyd:



Taver the letter''fogm, 30 mation with the work
of Sidgwick, Sutton, and Thomas as mentioned above.
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Values of the extrapolated pola:
refraction R, and the dipole moment i, detected in

solution at 25 degrees, for some organic azides, are:

ity ! 34.61 1.44
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- NO,-4-N3Colt, 260.36 57.82 3.12
Ghs 2N Gl 497,13 5782 4.59

The mean R of the C’U% growup . in aliphatic azides
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The negative end of the (N; group dipole is evidently

oriented in the direction of the outer N atom.



The dipole moment of P -Ni(lishMed | 1.9 is near the

sum of the moments of toluene and N.th : the C-N-N

angle is apparently greater thanm in aliphatic azides.
The hi 2 NP il ol S +
The highest v of Nit'h as compared with NzCU must be

e to a shift of electrons towards the ring owing

to interaction Witk e SN IGEE b
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The azide ion is very mobile in a solution, and

the ions OCN and (N
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mobility of N; is greater than that of OCN.
Slow thermolysis, or electrolysis of aqueous solutions
i} R : 4 :
of azides ( VoelNg, KN3 ,iTlN¢ ) 1is accompanied by ultra-

violet radiation, which is independent of the cation,

and is due to deactivation of the Nitrogen.
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By electrolysis of an agueous solution of NGv3

a specilal arrangement by which a circuit is period-
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age life of the

ctivated nitrogen is determined as 2.5= 0.2 %[0 J2(
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ically opened and closed the ave
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An oscillograph attached to the cathode showed the

existence of metastable state attributed without doubt

1

to the molecule of nitrogen which was activated electrically.
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The ionic radius for the. azide has been found to be
&
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ELECTRON AFFINITY AND REACTIONS OF THE AZIDE JON IN

AQ. SOLUTION

he gbsorption spectrum in the near ultraviolet
il . , L 3

of the §, ion in aqueous solution has been detected.

B iseimilar to thatvefithe halegeniiiehs and carresponds
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to an electron affinity spectrum. A value of Lzaun¢u46~w~
el is ‘dedveed for the sum of eleetron aftinity and
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heat of hydratien of the azide ion. This value leacds
R A
to an estimate of the N-H bond energy in Nt of 3.3 =
- . [ Sas by yi L _;,z""' f/‘\ E’LT‘ = -
S0 ovevs ihie reactloal be s eni MBS Rcl L o 1onsias
& simple mechanism, inveolving elecirontiransfer processes.
The reactions have been investigated which cccur
when an electric discharge is passed from a positilve

n aqueous electrolyte
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electrode to the surface ofa

containing oxidizable substances such as ferrous azide,
it

ferrocuanide, and cerous ions. Electroly e
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accompanied by oxidation arising from the breakup o©
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due to the bombardment of the solution by gaseous

naiogous to th
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ion and the chemical phenomena are
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effects produced by ionizing radiations. An attempt

has been made to develop a gemeral mechanism of the process

which will account quantitatively for the oxidation
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yields and their dependence on exceptional conditions.



IONIC CONDUCTANCE OF SOME SOLID METALLIC AZIDES.

The lomic comdiictance 'of teeglad i le K0 Ga g
P2
Sr, &nd Ba azides has been measured by Jacobs over
zs wide a temperature range as possible and the acti-

Sl

vation energies for conductance obtained. All the
azide salts obey the equation:log K = Log A- {ZFTy3 RT) V'

A G . —| =

where k 1s the specific conductance in ohm i L
A'ds 8 eonstant, and E the sctivation energy for the
conductance process in kcal/mole. The results are
summarized in Table I, where each value of E and logA
represents the mean of at least three seriles of deter-
minztions. The maximum deviations from the mean values
efiElare & 0.8 percent ‘Tor Lij Ne WendiiK azides and

t 1.2 percent for Ca, Sr, and Ba azides, the accuracy

lower for the alkaline earths because of their
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lower specific conductance.

Table I. Values of the constants in the conductance eguatiow

Saft Teinp, range K logA Ekcal/mole
LiNy 800570 ‘ 0.840 1951
Nal 375-490 0.490 25.0
KN . 390-500 4,59 S
CaNg 290-370 L) B3
SriN S0U=380 -10.70 Sl




The results for the potassium azide are shown separately

IntFig. oL, Thelsenmodicibility ds'sewisfactory for
preparations precipitated from carefully neutralized
solutions (phenol phthalein). Included in this plot are

}

esults obtained using KN; precipitated from solutions
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containing “Ys3 1ions. This has the effect of lowering
the conductance, although the temperature coefficient
remains unaltered. Many attempts to incorporate divalent

cation impu it“es in KNy by co-precipitation were
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For many salts the plot of logk against 1/T shows

two linear sections associated with activation energies

[

] (for the low-temperature zegion} and E,. These
have been related to the energies for migration of the
mobile species (Ey) and for creation of defects (W.)} by

A

Ehe eauations s =@ 0 &, = £, 7 W, (2)

&y 3
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As z provisional hypothesis, it is assumed that in
this temperature range the alkali azides are predominantly
catonic conductors and that the conducting species

re cation vacancies rather than interstitial cations.

By ccmparison with the values for the alkall halides,

the experimental activation enercies E of 19.1, 25.0,

and 30.1 kcal/mole for the Li, Na, and 'K azides appear

to be Eg-values and this is supported by the plots of

Eo and Ej against 1l-1/- , wherece is the high-frequency

dielectriciconstant, ishiown in Fig. 2.
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Fig. 2. Plot of the ackbivatien energies for lonic
conductance against 1-1/eo .
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he dieleciric constants of KN, and NaNj;  were
terpolated from the smooth curve obtained by plotting
the wavelength of the ultraviolet absorption edge
against €o . The points for KN, and NaN, lie quite
definitely on the Eo-line. Unfortunately, we have no
knowlccdge of eo e EAN o T but Ehe wallue of Eef 19,1
koal 1e comparable with that ef Eo'for il (21.2 kcal)
bl Ymuch lerger them that ofSE] For sthi s scal iS4 kcal)ii
The experimental E-values found for the alkaline
eerth azides are of a lower order of magnitude and
.

comlie wefer 1o Wy S n the 'othes col Pevoontaifing

divalint cations for which transport numbers have been

i)

etermined, the majority (BaCl,, BaBryp, Bal,, PbCly, and

a3

{1
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bBro) show an anion transport number of unity:

E; may therefore be the activation energy for the

mobility of the anoin vacancies in BaNg but the generally

low values found for the divalent azides indicate that

these are most probably for ions in special positions.
Since the corresponding values for KCl, KBr, and

KI are 22.8, 22.4, and 19.6 kcal/mole, respectively

the low temperature value of 4.5 kcal/mole in KNj is

unlikely to be that for the activation energy for the

bulk migration of. cation vacancies. This is supported

‘F

y ar independent estimate of E;. The energy required
to create a pair of vacancies is given by W,="W,- Wp
where WL 1s the 'lattice energy per ion pair and Wp
the total polarization energy (DJe*Ti?%J). The lattice
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enercy of potassium azide can be calculated from the

following uhermocnemlcal data.
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Using a Born-Haber cycle, we find W = 153 kcal/mole.
The polarization energy W@ may be estimated only indirectly.

In general, two methods exist for the calculation oL‘M/
/3
In that due to Jost, the -creation of a wvacant site is

regarded as equivalent to scooping out a hole of radius
R in a medium of uniform dielectric constant ée. The

polarization energy resulting is
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nis method should be independent of the type of crystal
lattice, but the difficulty lies in choosing values for
BiSfana R o iMett and Littletcﬂwaave improved Jost's method
by calcualting the dipoles on the neraest and next-mearest
neighbors directly in a NaCl-type lattice, and applying
Jost's formula to the rest of the lattice. Their method
invelves a dreat deal eof caleuls tion. " Aceordingly, the
polarization energy was estimzted indirectly by plotting
the experimental values for the alkali and 51lver‘

halides given by_ﬂi—iéfg‘fij against (i—~i>/€o e
where a 1s the anion-cation distance. If Rﬁé- 2 e
oroportional to a, these results should zll lie on a
straight line. As shown in Fig. 3, this is approximately

true, particularly at the higher values of the dielectric



constants, the maximum deviztion being+ 5 percent for
NaCl. The polarization energy in KN, obtained by
interpolation frem Fig. 8 is L34 keal. Hence?%:=ﬁ?kcal
and £, = @05 kcal, which is of the oxder expected. It
is therfore most unlikely that the experimental value of
4.5 kcal refers to El and it is concluded that this
ergy refers rather to the mobility of sHnsace vacancies,
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as first suggested by Smekal. The low values found in
Ca, Sz, and Ba azides are also considered to refer to

surface conductance.
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Figo e Plot lofidhe polar420b¢on enerqgy, calculated
from the lattice energies apd activation energies for
conductance, against (l %/0 a.

On this basis, one would expect three regions
corresponding to surface conductance, the usual bulk
structure~sensitive conductance, and the characteristic
conductance of the salt, with activation energies of
4.% kcal, about 20 kecal and 30 kcal, respectively.

In practice only the first and last of these two can be

fferentiated, although the transition region is

somewhat diffice (Fia. 1. It may be that the bulk



structure~-sensitive conductance is not differentiated,

iy

becausdof a fortuitous combination of the values of the

w
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tivation energies and the number of vacant sites.
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the value of the activation ewvergy necessary for bulk

onductance such that this represents one percent oif

O

surface conductance at the temperature at which

the characteristic conductance begins to be eppreciable
then is calcualted,a value of 18 kcal in substantial

<
i

agrzement with the value estimated from the polarization

energy is found. The hypothesis of surface conductance

nas received further confirmation from the agreement

between the number of vacant sites in the surface

layers calcualted from the conductance data and from the
i . ] 1 e

rate of photolysis of potassium azide.

The conditions of preparation of the azide would be

expected to cause variation in surface conductance.

-+ ik Z - . -
In presence 0f(0, , or with excess OH in presence of

: A S ; Coi‘ : - 5 5 i
air, leading to 3 , the divalent anion is prefer-
entizlly attached to normal surface anion sites producing
additional anion vacancies (to maintain electro-
neutrality) and reducing the number of tation vacancies

ir formation. The number of mobile charged carriers

)
S
(2]
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is thus reduced and sonsequently the conductance is

smaller than in the "neutral" salt.
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THE KINETICS (OF THE ELBECTHOIMSTSIOE iHE 271D TON
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¢s of the electrodeposition of hydrogen and
oxygen from aqueous solufion have been studied exhaustively,
and @ number of theories zs to the precise nature of

the reaction have been put forward. These reactions are

eculiar in that in each case the products are constituents

e

of the solvent, and in addition complications arise
owing to the fact that hydrogen and hydroxyl ions are
nydrated in solution, micght, therefore, be expected
to follow a different course from the deposition of
hydrogen and oxygen. According to the theory of ionic
solution put forward by Bernal and Fowleriqunivalent ions
of radius greater then 1-6A. are to be regarded as
unhydrated in agueous solution, in the sense that they
do not carry along a co-ordinated shell of water molecules.
The azide ion comes in this category, and although it
has been shown that the electrodeposition of the ion
)

is en irreversible process, no detailed investigation
of the kinetics of the reaction appear to have been made.
The ‘ollowing series of experiments were carried out by H.
Stout in an attempt to elucidate further the nature of
the deposition process.

Nature of the Electrode Reaction.- On electrolysis

of an aqueous solution of sodium azide using a platinum

anode, nitrogen is evolved in amount. corresponding to
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At an aluminum electrode-- however, only two-thirds of
the theoretical amount of nitrogen is evolved, the
remaining one~third appearing in the form of ammonia.
his 1s presumably due to the reduction of the azide
ion by nascent hydrogen formed by solution of the anode

in the electrolyte, which gives a slightly alkaline

redction,  thus
st + 3 H S /27 4 /",fd e

In the prescence of platinum black, sodium azide is
hydrclysed to ammonia and nitrogen, the rate of

hydrolysis being greatly increased if the platinum
v',/

surface is saturated with hydrogen. Both these reactions

~

are catalysed by the metal surface, and as only one
atom of nitrogen is liberated as ammonia, it seems

likely that one nitrogen atom in the ion behaves

A

thus /Vg AR /{/7 4 /}// AT

itrogen atom being adsorbed on the metal surface.
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gen cn the surface would then react with the absorbed

Stem to form zmmonia,. | The rateief roaction would,

of 'course, be contralled By ‘the rate of removal of adsor

nitrogen atoms. This is in accord with the fact that

hyvdrcgen catalyses the exchange reaction between the
/4 15
- 3 - 1 -
two isotopic nitrogens, /Mﬂ and AVN s on an iroen
ol P
ace, ammonia, or at least an imido bond, being

Papity:

formed as an intermediate product.

differently from the other two, and that the ion decomposes

Hydro-

bed
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ree Energy of Formation of ﬁfgaﬁ -- The free energy

of formation of the azide lon inm solution is the free

energy change in the reaction

A e o (

~ -

Arsearch of the literatume hos failed to reveal sufficlient

5)

5 o e
deta for the exackcalculatian ety il ‘but an appro-=
ximate value may be estimated from the free energy

changes in the following reactions:--

3
% ﬁ/i_ - % /7,/4’12 f///ﬂ)(rv_} AF = 7857 K k. (6)
s %)+ ifb’- & //“% @ &7

The heat of formation of hydrszéic acid gas ds 71,94 cal,
nd of aqueous hydrazolc acid 54:6 K.cal.%{@hich gives

# " for reaction (7as -17-3 K.cal. The corresponding
entropy change 45°may be estimated roughly by comparison

. :
with the 4'S for the'solution of nitreus oxide @ SRS
@ L e Ll o
| ' ‘ i = e /1 ..«.«.
O ,j,&c/ = Ved Ly = /q/ 2 Qﬂ/jf // . ( 8 )
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The /4§ of this reaction is therefore -28-3 cal. per

17

degree. As nitrous oxide has a linear structure corresponding
_j«
to onance between/x /= Jand// = &/~ O ; the entropy

change on solution would be expected to be of the same

O
B
G

er in each case, and so the entropy of solution HN,
gas may be taken as about -30 cel. per degree. The free

energy change ef emsrgy on solution of HN_.gas will therefore

1

be about -8 4 K.cal. for gas at one atmosphere pressure
and unit activaty of acid.

-+ Tk ST |
Al 2 2g. = l A ; (9) :

bt g -5
Thelldissoriationteehstant 'ef thydrazoiec acid 15 2-8 x 105

28 aydrazeic zeid zas coatalus the llncar group -NNN
‘espﬂ:dlng to resonance between -N N=X wnd ~N-N=N
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so the free energy change for reaction (9) is 6-2

3
(E3L,

[eM]

scal. The tfree encrgy change dn Feaction {5) ids

2N

equal to the sum of the free energy changes in reactions
Bk, L)y end (9 ianc ¥ s Cherctoie 7Es 2 Kieal . and this

is the free energy of formation of the azide ion., It will
noted that the error introduced in estimating the entropy
of solution of HN3 is not of great importance as the
contributicn'ef reaction (7)) amounts to only 11% of the
whole. It will also be séén that the free energy of

L

formation of HNy ag. is 70-1 K.cal. which is rather

reater than the value of 653 K.cal. given by Latimer

(o]

but as the latter is based on an entropy of 48 cal. per

degree for HNy estimated by comparison with a value of

[0}

0 cal. per degree for HNC, ,it is probably less accurate
than the former estimate.

The Reversible Potential of the Ny - N, Electrode.-
The reversible potential of the normal azide-nitrogen

system measured against a normal hydrogen electrode

achiehet Bol Bt obi the tcoll

/. / Ay . H A/v'Q??“ b e
/ 7 :

for unit activity of both ions and at one atmosphere

pressure. As the free energy change in the reaction is

reorehueal o ithev BRI e Sthesce il iqicuiE -3 ol ts,

hydrogen being positive, and so the reversible potential

of the normal azide-nitrogen electrode is =33 volts

against the normal hydrogen electrode.

Entropy of N_ e ilon,. - Feorithel reaction

be
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and so/l S =0
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cal. per degree. Taking absolute entropy of H

as 459, and ofﬁhﬂ-as =4.6 . all in cal. per degree

-ag. must be any

N
ollows that the absolute entropy of N

T etk cadn,
AR 29T

1s 58-4

AL

O
=ty

tely 28 cal. per degree
-(gas).--It is interesting to compare
azide ion in solution

JXOXAN

Entropy of N=
this value for the entropy of the
with the entropy calculated for a hypothetical gaseous
ion Ng-. Taking the ion as linear and symmetrical wit
the N-N distance 115 A., the moment of inertia is
M T = 2 s
4:-56 £ 10= " g. cm. ,and thewetationalientropy given by
Seoc | 0 A AL
/]//( L* )
becomes Sr.r = 1272 cal. per degree per g, mol. st 298
degree K. The translatlonal eqtr0py is vien o
‘/-:'\ Qg "“1 - ; ~r‘\- -f
} O VIR, L i LAk "‘ , e Rl
— ,’ﬁ/-’( Z—. 1 ;-{7_ e //r/zT) = i / /j i
and so S<¢rar3=32.6 cal. per degree per g. mol. at 298
degree K. The frequencies of vibration of the gaseous
ion sre unknown, but taking them equal to those in solution,
namely, = 1300, w630, and . ~2080, the entropy |
of x%oLot¢on glven by /7 7i).§¢ ﬂyf 5 <
e _Z,?_ “27’ & / i ?
AZ
O
gl siat 298 Sy

pov g

V2
0.32 cal. per degree pe

DQCO.WS SV’"B; v
tropy of the gaseous ion is thus 45-1 cal

The total en
egree per g. mol., and comparing this with the value
2 )

per a

of 28 cal. per degree per g. mol. for the agueous icn

it apoears that the hypothetical entropy of solution of
-17 cal. per degree per g. mol.
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EXPERIMENTAL

For the above mentioned calculations, Stout used the
electrolytic cell shown diagrammatically in Fig. 4, was

made of soda glass and consisted of an anode compartment C,
separated by an ungreased tap T,. When closed, the latter
effectively prevented diffusion of hydrogen from cathode

to anode without seriously obstructing the current flow.

A capillary tube B, carrying an ungreased tap 11, was

sealed through the wall of the anode compartment and the

end drawn out to a fine tip. The other end dipped into a
beaker containing a saturated solution of potassium chloride,
and this was connected by a salt bridge to a saturated calomel
half cell. The anode, a plece of platinum, palladium, or
iridium foil, was welded to a wire of the same metal, which

in turn was welded to allength of platinum wire. This was
sealed into a galss tube, D, which fitted into a ground glass
joint, J, at the top of the anode compartment, the length

of wire being such that the foil was about 1 mm. from the

tip of the capillary tube. The cathode compartment was open
to the atmosphere and had a length of platinum wire sealed
into it as the electrode. To fill the cell, electrolyte

was blown in from a flask through the tube, E, by nitrogen
under pressure from a cylinder, all the taps except T4

being open. After filling the anode and paihode comoartments
and the capillary tube B, which required ' ;j e
dlemeiksietie e

Fig. 4- The electrolytic
call,

f
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solution, all taps were closed and the nitrogen supply
connected directly to the tube E. On opening T. the
solution could be stirred by blowing through it a
stream of gas, and by opéning T, and T, & stream of
mitrogen could be passed through the gas space in the
ancde compartment. The electrodes were prepared by

cleaning in strong nitric acid, followed by heating

b—

to a high temperature. Before use.the cell was cleaned
with chromic acid and washed with distilled water.
Solutions of sodium and ammonium azides were

used as electrolytes. Commercial sodium azide was

purified by dissolving in distilled water and precipitatin

with alcohol, the precipitate being dried and finally
recrystallised from distilled water. Ammonium azide
was prepared from barium azide solution by double
decomposition with excess of ammonium sulphate. After
filtering off the precipitated barium sulphate, the
filtrate was treated with alcohol, when ammoniﬁm ézide
was precipitated. The precipitate was then_dried in
a desiccator under reduced pressure. |

The water used in making up the solutions was
distilled twice, the final product ha&ing a conductivity
i A /o s
of between 10- " and 10- reciprocal ohms per c.c.
Before use the solutions were saturated with nitrogen,
purified from oxygen by passing over heated copper.

The electrical circuit was similar to that used by

; 33 s
Bowden and Rideal. Potentials were measured on a

[{e]



smbridge potentiometer used in conjunction with a
Compnton electrometer as a null instrument. Thet current,
supplied by a high tension battery and controlled
by a series of grid leak resistances, was determined

rom the potential drop "across a standard resistance

iy

in series with the cell.

¢

)

h of Azide Solutions.- Owing to the catalytic

decomposition of an azide solﬁtion by platinised platinum,
a reversible hydrogen electrode cannot be used for
measuring the ph of such a solution, and a glass
electrode filled with Normal hydrochloric acid saturated
with guinhydrone was used by Stout in its stead.
Calibra{ion was cérried out against a hydrogen electrode
in a series of buffer solutions. In this way the ph

of N/1Q sodium azide was found to be 9¢4, and ¢f N/10
ammonium azide 7+2, both of which are of the order

cted in view of the fact that hydrazeic acid is

-~

ex

L

O

diwesiblacid with 'a dicsopiation censtantiof  2-88 10=-T.,

RESULIS

Electrolysis of sodium azide solutions at-

(a) Platinum anodes.--N/10 solutions of sodium

[¢3]

zide were electrolysed at room temperature over a

r
(93]
)

1ge of current densities, and the potential of the
platinum anode measured against a saturated calomel cell.
The relation between potential and the logarithm of the

current density was found to be linear over the range

from lO-q to lO«L'l amp. per apparent sq. cm., and as
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+he potentials were unaffected by stirring the solution
with nitrogen gas, it appears that the electrode reaction
is irreversible and exhibits the characteristics of
"activation overpdfential.”bqin Fig. 5 is shown a

typical V-log i curve, the slope, b, being 58 millivolts
corresponding to a value of 0.98 for the factor «

e ;;;gz_). Actually the slope was found to wvary

between 57 and 60 millivolts according to: the particular
electrode used, and so « may be slightly greater thati 1 O.
The /~log i curves were extremely reproducible, the
difference between consecutive runs on the same—anode
rarely being greater than two or three millivolts.
Consecutive runs on different anodes showed variations

up to about 15 millivolts at the same current density.

At currents below 10-~ amp. per sg. cm. the potential

fell steeply to more negative values, probably owing

()

to the presence of oxidisable impurities in the solution,

fial (tolfs) a:gfjf =t

90

8

Folen

0

50 Jicg. (current densily X 107 in amps. per sq. Cm.)'
2 s -2 3 “*
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(b} Palladium and Iridium Anodes.- A palladium electrode
substituted for the platinum electrode gave a similar
V--log 1 curve, but in this case the slope was 54 mv.
corresponding to ot = 1-1. t a given potential, however,
the current density was about 100 times greater than on
platinum. With an iridium electrode, the slope of the
V-log 1 curve was 60 mv., equivalent to a value of
rathier loss™ihan 140, "The current density, however;
was then only 2 or 3 times as great as on platinum,
V--lcg curves of i are shofn in Fig 5 for these metals.

Effect of Varying ph.- The electrolysis of solutions
of sodium azide in aqueous hydrazoic acid has been
investigated by Reisenfeld and Muller, who found no-
change in the rate of deposition at constant potential
over the ph range of 2 to 6., In order to extend
this range to the alkaline side of neutrality, a series
of solutions of various ph values was made up from

mixtures of sodium azide and sodium hydroxide, and

<=

-log 1 curves determined in the usual way. These

urves were then compared with the V-log 1 curves

@}

obtained for solutiens of sodiuvm hydrexide only, of

similar ph, the ph value in wach cese being measured

with the g;ass electrode. Between ph 13+7 and 10-4 the

two sets of V-log 1 curves, for the same platinum electrode
were identical and analysis of the evolved gases showed
these to be oxygen in each case. The V-log i curve

(]

.

s

sodium hydroxide of ph 9.4, however, was found

to lie above the corresponding curve for N/10 sodium



azide solution which also has a ph of 9-4 i.e. the
surrent at a given potential is greater for the latter
solution than the former. In the case of the azide
solution the gas evolved is, of course, nitrogen and
not oxygen. Ammonium azide solution of strength N/10
with' a ph of 7-2.'gave.n V-laghd curve practically

G

e
(o]

identicsl with thatifer N/l codiumiazide. - In E
is given a series of V-log i1 curves covering the ph
range 9-4 to 13-7, all the curves being obtained with
the same platinum anode.
It appears from the foregoing that, at a given potential,
The rate of deposition of the azide ion from solutions
tenth normal with respect to this ion, is independent
of ph between 7.2 and 9-4 and this, taken in conjunction

with Reisenfeld and Muller's work, indicates that the

4]

of deposition is independent of ph over the range

IGET

e gwdl For ph 'greater than skous 10, in solutions

Ny

tenth normal with respect to the azide ion, the rate
of deposition of oxygen 1s greater than that of the
azide ion at the same electrode potential, and con-

sequently oxygen and not nitrogen 1s evolved at the anode.

Bigis 61
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"fect of Varying Azide Ion Concentration.- A series

im
iy

of V-log 1 curves for sodium azide solutions of strength
N, N/10, and N/1CO, was obtained using the same platinum
anode in each case. Typical curves are shown in Fig.

7, from which it will be seen that at a given potential
a2 tenfold increase in azide ion concentration causes a

tenfold increase, approximately, in the rate of deposition.

a9

e
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Effect of Temperature on x.- A series of V-log
i curves was detérmined also by Stout at two different
temperatures in order to observe the effect of this
varizble on azide deposition. The cell was placed in
an air thermostat maintained at either 25 degrees C.
Oic 4Tﬁdegrees C. the actual temperature of the electrode
beling measured by means of a copper--constantan ther-
mocouple., One junction was enclosed in the thin-walled
tube being filled with toluene to ensure good thermal

contact . ThecoldijunectioiiwesBin dce i opd ¥the
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temperature was obtained from readings of &
milliboltmeter in series with the thermocouple. It was
found that raising the temperature decreased the
electrode potential, the current being held constant,
but the slope of the V-log i curve appeared to be
unchanged. Two represé@ntative curves for ZERE. and
a7 16 e shown in  Fig. 8. Alternate heating and

cocling had no appreciable effect on the reproducibility

of the curves.

SO
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The fact that the slope 1s the same at both temp-

eratures indicates that o« increases with temperature, for

otherwise the slope would be expected to increase

i tijgi“). As the change in x is only of the order.
ofi ‘a few percent. for e 20 °C. rise in Temperature,

it is necessary to test whether it is really significant
in the statistical sense, or whether it may be ascribed

to experimental error. This may be donw by calculating

the regression coefficients for the lines of regression
e 20 AT

@

=
two temperatures, and then applying Fisher's "t"

log i on electrode potential at the

est for the significance of the difference of the

rt
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two coefficients. The regression coefficlents are

equal to the value of x at each temperature, and putting

I e ) &
A3 /{__/M A:::_/ T [;’) G crned
o i J

» _1}_—:{' _.\/\ <j--~u)

\5‘/‘* ‘//&
where © and-v'are the mean values of © and V.,

—

The variance, 5= , o

iy

the regression coefficient ig

estimated from the eguation

— ) 2 = Z P
coleisiy MiE s s T
where (» +2) is the number of pairs of observations,
and the variance of the difference between the regression
coefficients at the two temperatures is then given by
LA (S AR R A A,
%, i ;
e ,m»;w e

The required value of "t" may then be calcualted from

Zg_: tATﬂ ___0{71;

.;;7é;:mLMm,
and the probability of this belng ;xceeded purely by chance for
two sets of observations differing only through sampling

errors may be obtained from tables?(;The number of degrees

of freedom with which the tables are to be entered

isieimn |y (%if ?3). In Table I 'are given the details

of the calculation of the regression coefficients for
temperatures of 25 °C. and 47 °C. and for two different
platinum electrodes. For the first electrode with 34

o

degrees of freedom the value of "t" is 6-13, and for



the second electrode with 62 degrees of freedom, t

Sl WReferring to 'the tables of "t the 1% level

of significance for 34 degrees of freedom is found to

be about 2+7%, and for 62 degrees of freedom abuut 2:6.
The actual values of "t" obtalned thus represent a

higher significance level than I%, and consequently

the increase in « with temperature must be regarded

as a definite "effect." Taking the mean change in «

for both electrodes, it appears that a rise in temperature
fromi2s C. te 470 €. prosuces en increase in « of about

%, giving an estimate for dx/dT.over:'this range of

3 =

4 X -10 degrees .

Table I.- Variation of Regression Coefficient of

AL : p
2‘3~'f“ Log I on Potential With Temperature.
Electrode 1. Electrode 2.
o | | | .
Temp i T, ; 47 P | 47 |
| bl I :
Mean pot., agstl |
cay 7. v - | 7#3.3 B08- 7 T8 T (755 2
| %
Mean [ el 1: 634 1. 658 1. 688
2L /?T/_"ﬁg !
,._._F T Uj— L - \ﬁ
= | J 1
3 (y-7 )2 SN 3 it =
Ll / @5-67 Xod0=" 34626 K10~ 16683 X lu~%90-90 i (8]
£6r -0, | g
ié 87-34 X 10- i28¢98 X 10~ 174-94 X 10-592*32 X

i | |
[36.48 X 10-3| 3148 X 10-370.6G X 10< 91-37 x

ZV-V) 4.~ &)

1-623 C=gig 1058 1. 0G5

Ceed i =
e U )
o (VRGBT e

Regression (
|
J
|




Teble I. cont,
Electrode I. Electireode 2.
|
No. of pairs | I |
of observations 18 e | 24 40
- 3 z| 3| i
fs | 5 - shla S a= SR 0Ree Rl e L O0-16 X 10— 053 K
fti_a i/) J. T ‘ ;
| |
2 = 3
St 0-270 X 10- 0- 289 X 10-
S 6.13 g2
it e et
&)
it
No. of degrees
of freedom 34 62
Yalue of £ for -
D= % 27D 2-6 approx.

The Energy of Activation.- The discharge of an

azide ion is a process which must occur in several

stages, each stage probably requiring a certain energy

ot ae tlnvaEiont.

The reaction rate as measured by the

current density will, however, be controlled by the

slowest stage, and the energy of activation of the

reaction as a whole will be that corresponding to this

slowest stage.

If at temperature T K. and potential V

voltsy the energy oflfactivation is H. cal. per g. mol.

then assuming a Maxwellian distribution of energy amongst



o,

the reactants 1t follows that the current density

; 1S ‘given by

e g‘ N "A/y//?f

7
where k is a constant for the particular reaction
concerned.

Assuming the energy of activation is a function
of the electrode potential and that increasing the
potential byde s0lts decreases the énergy of activation
by, 4 ¥/ .F, where «, 1s a constant at constant

temperature, then

BE o
&T

i ("//V s i f‘f..)//f?—

and therefore

g i/"f‘ id j"rg
Sl e

The energy of octlvatlon is given by

i d(-!ﬁ L,‘ /7/

N /177“?'

and the temperature coefficient of pouentlal by the

(i . .
mcé,f,,,w) FEL s L e oo R )
g ¥ / | 1% { AT
2t constarit Y ﬁv_ gh
é{in A el e Y
Cx /‘ e e \ AT/

i.e; . i (L/
A/V Tl o{ Ff (5Lf

Thus the calcualtion of the energy of activation requires

a knowledge of the value of «_. and the temperature

oa
coefficient of potential at censtant current.

Temperatufe Coefficient of Potential.- The temperature
coefficient of potential at constant current was determined
by Stoutgigom the change in potential of the electrode

on zlternate heating and cooling of the cell. Heating



was carried out in an air thermostat, and cooling

effected by placing a jacket of ice round the cell.
lemperatures were measured by means of the thermocouple
previously described. The cell was heated rapidly

over a range of G C., then cooled to room temperature

and reheated, the whole process being repeated several

times until the potential at a given temperature became
epproximately constant. JThe potentials and temperatures

were read at two-minute intervals, and plotted on temperature
vs. time and potentials vs. time graphs as shown in Fig. 9.
The peak potentials correspond to the peak temperatures,
and comparison of the times at which these were attained

shows that there was no appreciable lag between the

A

actuzl electrode temperatures and the thermocouple

3 <
temperatures. From the graphs the potentials at 20 C.
and 30 C. were read off for each heating and cooling,

and the mean potential change for this temperature

()
=)

terval calculated, from which the temperature coefficient

e

f potential was obtained. The vaiue of the latter is,

iy

of course, dependent on the current density at which’
the measurements are carried out, and in Table L
are given the values of dV/dT for three different
platinum electrodes in N/10 azide solution, together

with an estimate of the variance.
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Table II.- Temperature Coefficient of

Potential for Platinum Electrodes in N/10 Sodium Azide Solution

!
) ' ! ' | &
Electrode Current Degrees J mean Sum of
density amps. of P Svalueiof | squares of
/eg. e, freedom | 4&V/dT. | deviation
i imv. pen C. from mean.
|
1 Eors I 1= i N2 = lT6 L 1644
i : ] 3
2 RiEe 20y o0 8] O i =100 110
. | \ | |
& |0 e Y 10 =l e

| |

g ! 5 o B
Mean ivalue tof dV/dT = " =185 mv., per @ € %
Mean variance from 29 degrees of freedom=73 (mv. per C.)



The mean value of x for these electrodes was
found to be 0°95, and so taking the mean temperature
de 25 C., and the mean dV/dl as - 185 mv. per degree
the energy of activation is 12-0 K.cal. per g. mol.

at a potential of 0-81 volt against saturated calomel.

The' Steric Factor.- The etericlfactior for the zreactionin

may be evaluated by substituting in the equation

il R X /(/'//477‘

F VarM
where F is the Faraday, n the '‘numbexr of g. ions per'c.c.,
M the ionic wt., and p the steric factor.' The mean
value of p calculdted in this way for the three electrodes
of Feble Il is &<14 . reficrring to platinum in N/10
solution at a potential of 0-81 volt against saturated
calomel. This is of the same order as for hydrogen
deposition at a cathode, where p varies from about

SRl
I on some platinum electrodes down to 10- on mercury.

DISCUSSION

The salient points emerging from the foregoing
are that the anodic deposition of the azide don is a
reaction showing the characteristics of activation
overpotential, giving a linear V-log i curve with «

approximately equal to unity.  The reaction occurs at

)

€
v

=

neasureable rates only at the extremely high overpotential
of ca. 4 volts, the reversible potential in N solution

being - 3 3 volts against saturated calomel. Increase



in temperature causes a small but significant Increase
in «, and the rate of reaction varies with different
electrode metals and with varying concentrations of
azide ion.

The kinetics of the ‘reaction are'similar in some

espects to those for the cathodic deposition of hydrogen,

H

h

X

for the latter also gives a linear V-log i curve and
the rate of reaction varies with different electrode
metals and with varying concentration of hydrogen ion.
In other respects the two reactions are rather different,
for ® in the case of hydrogen deposition ranges between
about 0+25 and 2-0 according to the particular électrdde
and solution used, and there seems to be no evidence
to show that it varies with temperature. Moreover
hydrogen deposition on platinum takes place at an
appreciable rate at the reversible potential.

The overall reaction for hydrogen deposition is

Hs OF 4 em = HQ@ o %z Az
but this will take place in stages, the slowest of which
will determine the rate of reaction. Samilarly, . for
the deposition of the azide ilon the overall reaction
may be reagrded as
Ng“ :f’% “ I/éﬂé i

considering the ion to be unhydrated, although this
will occur again in stages, the slowist being rate
determining.
Many theories have been advanced to describe the

slow process in the deposition of hydrogen, but these



fall broadly into two classes postulating

(o) = the neutxalization of the idntor W b) the formation
b 27,37

of the H-H bond, as the rate determining step. The

stage (b) may take place either by the direct desorption

of two adsorbed atoms, or by the combination of an

adsorbed atom with a hydrogen ion in solution.

Analogously, three possible mechanisms for the azide

reaction may be postulated :-

. - Vil B e
followed by ; (i)ﬁ% +'ﬂk?“”; f il slow
: T2 N—Me = No + M= rapid
followed by (2IN7+ Me = My + N - Me rapid
2N - Mo = Ny » Me slow
fecliowed by (3)/V3'% el o S rapid
L slow

Na~ + N=Me = at, + e

Process (1) has the neutralisation of the ion as the
rate determining step, with the desorption of N/ztoms
taking place relatively rapidly. (2) and (3) both
postulate the neutrilisation of the ion as eccurring
rapidly the slow process being the desorption of atoms,
which will take place by the faster of the two alternative
methcds available. In all these processes, however;
the neutralisation of the ion is considered to result
in the formations of & nitrogen molecule and an adsorbed
nitrogen atom, instead of three adsorbed nitrogen atoms,
in accordance with the evidence given previously indicating
that one nitrogen atom behaves differently from the other
two .

Considering first the neutralisation of the ion as
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the slow process, it appears that in general « will be

s

determined by the ratio of the slopes of fwo Morse

curves, and as Adam/has pointed wut cannot exceed

unity. This process cannot, therefore, be rate determining
in the azide case, but must be regarded as occurring
rapidly compared with the desorption of atoms.

Although the neutralisation of the lon may occur
rapidly, it is likely to be a rather irreversible process,
and the reverse reaction at best will only take place
at a very slow rate. Conseguently, it is probable that
the concentration of nitrogen atoms on the electrode
surface will approach the saturation value, and under
these conditions the simple desorption mechanism (2)
would be expected to give a very small value of «,
muchiless’ than tunity.” To eceonnt fopise— Flon thig
hypothesis would require a surface only partially saturated
with nitrogen atoms, the extreme case of a very sparsely
covered surface corresponding to x=%. If the surface
is only partially saturated, hawever, tben presumably
the formatlion of ions from adsorbed atoms must proceed
at a rate comparable with the neutralisation of ions,
and this would seem rather unlikely.

The alternative mechanism for desorption, involving
combination foran adsorbed atom with an ion, slso
leads to difficulties over the value of x. The current
will be given by

7 =k [ ‘j [N»-—-— f""f«‘_—?ja""‘ V’C/ff

and if the surface is approaching saturation, (f-/e)



will be approximately constant. The value of oc will
presumably depend on the relative slopes of the Morse

curves for the approach of an Ny - ion to the electrode,

and for the separation of two nitrogen molecules from the
electrode,” and Justiasiin thelctss of the ion neutral-
isation reaction would be expected to be less than

unity. Should the surface be only partially saturated, then
the {N—Me) would be expected to increase with potential,
ST [Ngﬂje Vs i VE/RT

where the first exponential gives the change in concentration

of adsorbed atoms, and the second the change in activation

eriergy. The cbserved wvalue of & is then (£ + <, ) and should

P

be greater than unity. ]There seems no reason why ¢,
should be extremely small, however, as would have to be
the case. It appears, therefore, that neither the
-neutralisation nor the desorption mechanisms lead

tisfactorily to the experimentally observed value of «.

o}

S
The temperature variation of o is also difficult
to account fer althouéh a possible explanation may lie
in @ change in the mobility of the adsorbed layer.
Robertsy%as shown that the heat of adsorption for a
mobille layer is less than for an immobile layer, and
thus 1f the mobility of the adsorbed layer of nitrogen
atoms increases éppreciably with temperatﬁre, the
heat of adsorption would be expected to decrease. In
this event, the slope of the appropriate Morse curve
micht be changed, and this would lead to auchange in
the value of x. This situation could, of course, arise
in any of the above processed,.as they all involve the

adsorption of atoms.
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OVERVOLTAGE OF AZIDE ION

In the process of discharge the activation of

ions and the intensity I of the current is bound to the

&y
potential V of the electrody by the dollowing relation:
- e Rl ) W en s ) 5]
=€ cppllE R e ]

i e

of the ion in solution "W" is the energy of activation
of the discharging reaction V is the potential of the
electrode,n is the suspension.

a and b are the coefficients of transmission for -
the Kinetic energy of discharging reaction
£,R,T have the usual significance. This theory not
only applies to theianodic polarisation of a number of
metels sueh as (AL IEsi SMgriicne Ta) MUt Sliceiapplies
equasly well to tﬂe overvoltage of azides as well as
hydroxyl ions.

The study of the anodic overvoltages of those ions
as a function of the intensity of current was made by

electrolysis between platine electrodes in solutions

of NaN., and NaOH in many temperatures, and concentrations

P

- 3
. { W) *

with currents ranging from 5.70-" to 10.10- amperes.
Disregarding the ionization reaction equation (1)

can be written as follows:: 1l i
chz e j&ﬁ X ir:fq ﬁ]' .O__‘:ZB""/"/‘ f—a"'—%/"/"’g' 9{ -ff‘ i = -?’ . O< oA

7 Al B i e
where Log I=f (n). In this equation the absolute

potential between metal-liquid is overlooked.



By designatingif the point where the axis of the

ordinance is met by curves of NaN, in the diagram below,

we have.. = bia—}, # L:f'—fi “7 . Gl L/ o oo i b %
o o L - ‘
=

Frem this equation, both the energy of activation and

»

‘.‘i s 7
the constant K can be calcualtqufg
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OVERVOLTAGE IN VOLTS

The rate of reaction at a given potential varies
with the electrode metal and with concentration of

solution, but is independent of PH from 2/6.4. At

b

higher Bh, " O stprereneqgtaalily evolvéd from solutions
68,IN in azide ion. At a given potential a 10-fold
increase in Nt concentration causes about a 1lU-fold
increase in the rate of deposition. The Kinetics are

similar in some respect to those for the cathodic

~

depocsition of HQ’, which alsoc gives a linear V vs.



log i curve, and a rate of reaction which varies with
different electrode metals and with varying concentration
of H” . In other respects the two reactions are rather
different.

The potentials were measured as Na azide solution
was being electrolyzed at 0.005- 1.60 amp. /sqg. cm.

without catalyst and with polished PZ electrode. The

potential followed the equation.gz

v

where a-1.10"
b=0.59

Addition of K@f§ to the electrolysing solution lowers
the potential considerably.
43 ; :

Riesenfeld and Muller performed 14 experiments with
plain and platinized Pt electrodes and NaN_ solutions of
varicus concentrations, and with a reversible AgN, electrode.
With plain platinum electrode against a hydrogen electrode
at»;f}tj a potential of 1.21lv was found; Platinized Pt
gave about Q.06 v. lower. Tridium, pure Nickel
and iron electrodes gave values close to plain Pt
electrode. The temperature coefficient of the emf
with plain Pt electrode, was -0.0017v per degree.
The AgNz coated Ag anode, with the hydrogen electrode

o]

at 21 gave a value of 0.384v., and a temperature

coeificient of -8,006v. per degree.



POLARQOGRAPHIC STUDY OF THE AZIDE ION

The azide ion behaves in many respects like £ .
This can be detected by polarography with a dropping
—Hg electrode owing to the formation of an insoluble
Hao ccmpound?%lThe high volatility and low dissociation
constant make it advisable to study neutral solution
0.1 N KNO, } and to use a separate COnﬁrol electrode

Hg - Hg S8, - 1N. N§2S@ This - experiment was conducted

-
by R. Haul and E. Scholz. They used a relatively large
Hg surface: The diameter of the capillary was 0.1 mm.,
and the drop period 1 second. The potential | .
of the half-step of N3 - agreed well with that of

CLS# 0,20 o i as ) cerpdred ik 0 LTS bothean 10.0O1N

solution relative to the calomel electrode. With increasing

concentrations it shifted to negative values.

EEFECT S ACCONMPANYINSUTHEVEIECTROLYSTES OF THE

AZIDE ION

Following the electrolysis of an azide solution,

there is an increase in the intensity of rays produced
by BEN; and NaN, , on addition of NH, CH. HCY, nitrides,

nitrates, and £ulfates, and a decrease with the addition

45

of sulfites, hyponitrites, and hydroquinone.

[45]

The spectrum of the emission between 1900 and 2800A is



constituted of bonds situated at 1990, 2130, 2270,
2425 and 2550A, essentially the same as those obtained
on the thermal dissociation of the azides of Na, Ag, Tl and Hg.

1

The intensity of the wvarious égnds has been detected by

means of a photog counter and compared with a number of

molecules decomposed at the anode, giving a value of

S o i
10= Ton s photoys per mol.

Gasesticuchifasili NGl S, NlO and air were introduced
with both the gas phase and ligquid phase 'in the anode=
compartment, where an azide solution was electrolyzed
and which was separated from the cathode by a porous cup.
The intensity of ultraviolet radiation was increased by N, and
H, decreased by O, , and was not affected by A, NZO,
and air. The intensity increased logarithmically
with applied voltage.yé

The ultraviolet emission accompanying eiectrolysis of
HN; and NaN, , is increased 500-600 times in presénce

of N, or H, (bubbled through anodic electrolyte),

white A and NQO are without influence and Qldinhibits

the emission.'¢7



L.

2.

3

4

Se

1e.,

11,

12,

13.
14,

15,
16,

IBLIOGRAD

Purrentine, J.W., "Reduction of hydronitric acld; structures
of the trinitride radicsl", Journel Amer, Chem, Sociely,

36, pe 23«35

sidgwick, N.V., Sutton, L.E., and Themes, W., “Dipole momente and
strueturesoof the organic azides snd aliphatic dlegzo
compounde", Journ, of Chem, Soc., D. 406-12, (1933},

Hendricks end Pauling, Journal of Am,. Chem, Soc., 1925, 47,
2004,

Frevel, L.E., "The configuration of the aszide ion," Amer,
" Chem. S0G«, B8, ps TT79=82, (1936) .

Potier, A,, "Comperative structures of isosteres such aes CO,,
and HO.", Inet. Genie, Chenm., Joulouse, France, Jour.
of Chefi, Physi; 48, p. 285-95, (1951),

Bhottel!veva, E.A,, and Syrkin, Ya, K, "Dipole moments of
erganic szides™, (M.V. Lomonosov Inst. Fine Chenm,
Technol,, Moscow), Dokledy Acad, Nauk S.8.8.R., 87,
63941, (1952).:

7 rokenbach, L. and Huttner, K. Zpefiebility of the peeudo
halogen iong of the cyanide derivativés of the volatile
hydrides snd the mobility eof the gzlde ion,", Anorg., Allgem,
Chem., 190, 38«47 (1940}, w3 0

Afudubert, R,, Reoz, ¢, "Mesn life of electromlically sctiveted
nitrogen,”, Compt, Reud,, 210, 217-1% (19240},

Brouty, M,L., "Individusl sctivities of the ions T1 sand N
%n Ea%utieus of thallium ezide,", Compt Rend, 214, 480-3
1642},

Weiss, Je¢, "Electron affinity end some reactione of the azide
ion in solution.",(Univ, of Turhem, Eing's Cell; Newcastls
upon Tyme, Engl,) Trnae, Faraday Soc., 43, 119-23 {1947),

Densro, A.R,, =znd Hickling, By, YGlowedlochorse electrolyels
in squeous solution,”, {Univ, Liverpool, Engl.,), Jour. .
Electrochem, Soc. 105, 265-70 (1958),

Jacobs, B¥W.M. and Tompkine, F.Q;, "Ionie econ ductence of some
golid metellic azides,", (Univ, Londen,) Jour. Chem Phys.
23, 1445-T7 (1955),

Jgﬂt, Wi Ja Ghemg P?iy?, 1, 466 (1953).

Mott, N.¥,, and Littleton, M.J. Trane. Farasday Soc, 34, 388,
(1938,

Smekal, A., Z. physlk, Chem, B, 442, (1931).

Jacoba, P.¥W.M., and Wempkins, F.C,, Proc, Roy, Sce. (London)

AZ15, 254, (1952),



17,
18,
19.
29?
21,
22?
23.
24,

26;

27

29,

0.

ﬁl?

324

33,
34,
35.

36,
s
38,
39,
40,
a1,

42,

BIBLICGRAPHY (ecntinued}l

Bernal and Fowler, J. Chem. Physies, 1933, I, 515.
Blokker, Rec, Trsv. Chim., 1937, 56, 52.

Relsenfeld and Muller, Z. Electrochem. 1935, 41,87,
Briner and ¥Winkler, J. Chemie Physlque, 1982, 20, 214,
Audrieth, Chem, Rev., 1934, 15, 169,

Jorie and Taylor J, Chem. Physlee, 1939, 7, 895.f _
Peuling, "The Nature of the Chemicsl Bond, " 1940, p, 199,
Eycter and Gilletke, J., Chem, Physics, 1940, 8, 369,

Bichowgky and Rossini, "Thermochemistry of Chemicel Substancees,"
- 1936,

Inta Srits Tabl&ﬁ# 1?36’ ?p 241*1 ‘ :
Beiley end Cassie, Physicel Rev., 1932, 39, 534.

Quintin, Compt. rend., 1940, 210, 625,

Latimer, "Oxidatlon Stetes of the Elements," 1940, p, 83,
Eestman, Chem. Rev.,51936, 19, 257«
Latimer, ibid,, 1936, 18, 349,

stout, H,P, "Kinetics of the electrodeposition of the
azide ion", Jrans, Fraday Soc., 41, 64-75 (1945),

Bowden and Ridesl, Proc. FRoy, ﬁoc;, Asy 1928, 120, 59,
Bowden and Agar, Ann. Rep, Chem, Soc., 1938, 35, 90,

Fisher, “?éatisticél Methods forFesearch Workers," Tth edn,
P- l* 5

Fisher, "Statlstical Methods," p, 177.

Wirtz, %, Elektrochem., 1938, 44, 303,

Adam, "The Physics and Chemistry of Surfeces," 2nd edn,, Chap. 8.
Frumkin, Acta Physicochim, U.R.8.8., 1937, 7, 476,

Miller and Roberts, Froc, Cemb, Phil, Bocs, 1941, 37, 82.

Kudubert R.,, Verdier, T.,%., "Mechaniesm of overvoltese of azide
end hydroxyl ione.", Compt., Rend,, 213, 870-3 (1941},

Blokker, P.C., "The Azlde Potentisl", Rec, Tren. Chim., 56,
BQ“Q’ (193?)1



BIBLICGRAPHY....(continued)

43, Riegenfeld, E.H, and M¥uller, F,Z,, "Nitride Potentials®,
Elektrochem., 41, 87-92 (1935),

ion", (Kalser«Wilhelm Inet., Berlin-Dahlem). Naturwisseuschaften
32, 294=5 (1944),

45, Verdier, E.T,, "The determination of the radicchemical
yleld of the photogenlc reactlion accompanying the electrolyels
of 2 solution of ﬁaﬁB,“ Compt,. Rend,, 212, 7557, (1941).

44, Heul, R*ﬁ snd Scholz, E, ,"Polsrographic study of the gzlde
»

46, Verdier, E.T., "Influence of the eircumambient gaes at the
ancde on the ulirsviolet radlation accompanying the
elecirolysis of azide solutions™, J. Chim. Phys., 41,

47, Verdier, E.T, , "Action of gsser on the photogenie resction
accompanying the electrolyeis of 8odium azide and
azdimide,", Comnt, Rend, 214, 618-1¢, (1l942),



